An experiment was conducted to investigate the effects of dietary lipid and inorganic phosphorus supplementation on growth, retention and loading of phosphorus and nitrogen in young red sea bream. Two levels of lipid (190 and 250 g/kg) and two levels of phosphorus (14 and 19 g/kg) in the dry diets were tested. Four practical diets were formulated and coded as L0P0, L0P1, L1P0 and L1P1, respectively. Diet L0P0 was the fish meal-based (50% fish meal) control diet without addition of lipid and phosphorus (P). Diet L0P1 was supplementation of 2 % mono sodium phosphate to the L0P0 for providing 0.5 % P. Diet L1P0 was supplemented with 5% soybean oil and L1P1 was formulated with the addition of 5% soybean oil and 0.5% P. All diets were fed four times a day until satiation to duplicate groups of 25 fish (mean initial body weight 70.0 ± 1.3g) during 12-week feeding trial. At the conclusion of the experiment, growth and feed performance were lowest in the fish fed control diet, and significantly (P<0.05) improved by supplementing with P. On the other hand, lipid supplementation did not show any statistical difference among the dietary groups. The P and nitrogen (N) retention values for P supplemented diets were significantly (P<0.01) greater and reduced (P<0.01) both N and P excretion. This study demonstrated that, diet with the addition of inorganic P significantly improved fish growth, FCR, nutrient retention, and reduced both N and P loading while no addition of lipid is necessary.
INTRODUCTION
Red sea bream is considered a potential species for aquaculture throughout the world and in Japan it constitute second largest aquaculture production after yellowtail (Koshio, 2002) . However, with the increase in total culture, subsequent pollution of farm sites becomes more frequent. Excessive nutrient discharges at fish farms particularly N and P are of increasing concern. These discharges can lead to eutrophication of receiving water (Pillay, 1992; Ketola and Harland, 1993 and Skonberg et al., 1997) and the sources of P and N is fish feed (Cho and Bureau, 1997) . Thus, the manipulation of feed formulation in such a way that nutrients in feed should be present at level that meet the nutrients requirement of fish is an efficient way to reduce environmental pollution in race way and cage culture Bureau, 1997 and Talbot and Hole, 1994) .
Nutritional strategy to reduce the waste load from aquaculture effluent is to produce high energy diet by reducing protein level and subsequently increasing fat level in the diet. The possibilities for reduced pollution load from fish feed are mostly related to improved feed conversion and reduced protein levels in the feed (Alsted, 1991) . In high energy diets the energy concentration is increased to improve feed conversion. Satoh et al. (2004) reported that diets with additional lipid significantly reduced both N and P excretion by young yellowtail.
The necessity of P supplementation in a fish meal based diet has been reported at growing stage after juvenile (Masumoto, 2002) and fingerling red sea bream (Sarker et al., 2005 (Sarker et al., , 2007 . But no report is yet available for young red sea bream. Feed quality improvement involving ways to retain dietary P is one of the main strategies to reduce environmental impact of aquaculture (Lall, 1989 and .
Fish meal (FM) is the source of most dietary P in fish diets, reported to be less available to some fish species (Watanabe et al., 1980) as a result of which, large amounts of P are excreted in feces, leading to wastage, and environmental pollution. FM is the conventional dietary protein sources in aquatic feeds and there is ever increasing demand for it with the expansion of aquaculture activities. It is the most expensive ingredient and its future availability is apprehensive. On the other hand, inorganic phosphorus from sodium phosphate is highly available to all fish.
The present study was thus aimed to investigate the possible effect of dietary lipid and inorganic P supplementation on growth, retention and excretion of N and P in young red sea bream fed fish meal based diets with an intention of developing less-polluting feed.
MATERIALS AND METHODS

Experimental diets and design
Two levels of lipid (190 and 250 g/kg) and two levels of phosphorus (14 and 19 g/kg) in the dry diets were tested. Four practical diets were formulated and coded as L0P0, L0P1, L1P0 and L1P1, respectively. Diet L0P0 was the fish meal-based (50% fish meal) control diet without addition of lipid and P. Diet L0P1 was supplementation of 2 % mono sodium phosphate to the L0P0 for providing 0.5 % P. Diet L1P0 was supplemented with 5% soybean oil and L1P1 was formulated with the addition of both 5% soybean oil and 0.5% P. (Table 1 ). The diets were pelleted using the laboratory pelletizer (AEZ12M, HiragaSeikakusho, Kobe, Japan), dried a vacuum freeze-drier (RLE-206, Kyowa Vacuum Tech., Saitama, Japan) and stored at 4 o C until used. The experimental set-up was arranged in a 2 × 2 factorial experiment with two replications per treatment. Proximate and P compositions of each of the four practical diets are presented in Table 2 . Phosphorus and lipid content of the diets varied with the additional P and lipid levels. 
Fish, experimental conditions, and feeding
Young red sea bream Pagrus major were obtained from Seiho Suisan Co. Ltd. (Mie, Japan) and fed commercial red sea bream feed prior to the start of the experiment. Twenty five fish (average weight 70.0 ± 1.3g) were randomly distributed in each well-aerated 60-l glass tanks with two replications. The feeding trial was conducted in re-circulated artificial seawater (Sea Life ® , Tokyo, Japan) at a flow rate of 700-800 ml/min. The water renewal rate in the system was 50% in every week. Important water quality parameters such as temperature, pH, salinity were monitored daily and dissolved oxygen was measured fortnightly. All the parameters observed were found to be within the acceptable limits for fish culture. Average daily water temperature was 26 ± 1.13 o C. The fish were fed four times a day until near satiation for 12 weeks.
Sample collection and chemical analyses
Initial weight data was obtained at the start of the experiment and growth of fish was measured every third weeks during the experimental period. Upon termination of the experiment, 5 fish from each tank were randomly selected and sacrificed for the chemical analyses of the whole body. Whole body samples were pooled from 5 fish and minced by a centrifugal mill (Retsch ZM 1, Germany) fitted with a 0.25 mm screen. The homogenate was collected and kept at -20 o C until analysis. Chemical analysis of the diets, whole body were performed as describe by Satoh et al. (1987c) . Samples for P were digested in nitric acid using the MLS-1200 Mega Microwave Digestion System (Italy). Concentration of P was analyzed by a visible light spectrophotometry (Shimadzu, UV 265 FW, Kyoto, Japan) at 750 nm.
Statistical analyses
Results were analyzed using one-way and two-way ANOVA (Systat 8.0, SPSS, Chicago, USA). Differences between treatments were compared by Tukey's test. Values were considered significant at P<0.05.
RESULTS AND DISCUSSION
The results of overall growth performance and feed utilization by the fish are presented in Table 3 and 4. Dietary lipid level did not show any significant difference on weight gain, specific growth rate (SGR) and feed conversion ratio (FCR) throughout the rearing period. On the other hand, P supplementation significantly improved the wait gain, SGR and FCR. Two-way ANOVA for diet groups showed significant (P<0.05) effects of weight gain, SGR and FCR in P levels while no significant effect in lipid levels and they did not show significant interaction effects (Table 4 ). In the present study, the higher growth of fish with addition of P compared to the group without P supplement indicate that P derived from fish meal alone could not satisfy the requirement of young red sea bream. Thus, this fish perhaps needed additional water soluble P. This is in agreement with the previous reports in juvenile and fingerling red sea bream (Satoh et al., 1998 and Sarker et al., 2005 , 2007 . The observations in the present study on FCR, weight gain, SGR also indicate ( Table 3 ) that P supplementation is necessary in the diet of young red sea bream. Dietary P requirement for optimum growth, feed utilization and bone mineralization ranging from 5 to 8 g/kg has been reported for rainbow trout and other fish (Ogino and Takeda, 1978; Watanabe et al., 1980 and . In the present study the dietary P in all the treated groups was at par with the minimum level of dietary P requirement for red sea bream, which is reported to be 6.8 g/kg, dry diet (Sakamoto and Yone, 1978) .
Proximate compositions of the fish whole body are presented in Table 5 . Proximate composition of the fish did not show any significant difference among the treatments (Table 5 ). Whole body P content of fish was lowest in the L0P0 group and it was significantly increased with the additional P while no changed with additional lipid. Whole body lipid content of the lipid supplemented group was higher than that of the group fed with other diets (Table 5 ). Higher carcass lipid and P contents in the diets supplemented with lipid and P in this study which suggests that they are retained more in the young red sea bream. Retention and excretion of P are presented in Table 6 and 7. Retention of P in young red sea bream was elevated significantly with additional P compared to the control group. Excretion of P by red sea bream was decreased significantly (P<0.01) with P supplemented groups compared to the control group (Table 6 ). Retention rate of P are significantly increased with the additional P which resulted in significant reduction of its excretion (Table 6 ). This is in agreement with the previous reports in juvenile and fingerling red sea bream (Satoh et al., 1998 and Sarker et al., 2005 , 2007 . Two-way ANOVA for diet groups showed significant effects (P<0.05) of retention and excretion of phosphorus in P levels while no significant effect in lipid levels and they did not show significant interaction effects (Table 7) . Retention and excretion of N are presented in Table 8 and 9. Retention of N in young red sea bream was elevated significantly (P<0.05) with additional P compared to control group. Excretion of N by red sea bream was decreased significantly (P<0.01) with P supplemented groups compared to the control group (Table 8) . Retention rate of N significantly (P<0.01) increased with the additional P which resulted in significant (P<0.01) reduction of its loading (Table 8 ). This is in agreement with the previous reports in juvenile and fingerling red sea bream (Satoh et al., 1998 and Sarker et al., 2005 , 2007 . Two-way ANOVA for diet groups showed significant effects of retention and excretion of N in P levels while no significant effect in lipid levels and they did not show significant interaction effects (Table 9 ). The increased P and N retention with the diets with additional P fed groups in this experiment might have induced better growth and FCR. Again because of the reduced excretion of P and N, the possible loading to the environment can be decreased. Further, it was clarified through this study that P incorporation in the diets showed the best result. Retention efficiencies of nutrients such as P and N are important for evaluation of feed quality and this might change according to fish weight, amount of feed consumed (Lall, 1991 and Cho et al., 1994) . No report is available yet using inorganic P in young red sea bream diet.
It may be concluded from this study that inorganic P supplementation improved fish growth, FCR and retention of P and N which resulted in significant reduction of both P and N excretion. The diet supplemented with 5% soybean oil did not show significant difference in all the parameters studied with the diets. Hence, this study demonstrated that dietary inorganic P supplementation is needed in the fishmeal based diets of young red sea bream This study will certainly contribute to develop the much desired environment-friendly feed for red sea bream; however, more investigations in this concern integrating different size/age groups of this fish are warranted.
